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(57) ABSTRACT 

A J TAG bus cross point switching device that is commanded 
by the same bus which it con?gures. In a preferred embodi 
ment a JTAG chain includes a cross point switching device 
that is capable of adding, omitting, or rearranging devices on 
a JTAG bus. The switching device itself is controlled by 
commands on the J TAG bus which it con?gures. 
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JTAGCHAIN BUS SWITCHING AND 
CONFIGURING DEVICE 

This application is a continuation of application Ser. No. 
10/610,170, ?led Jun. 30, 2003. 

BACKGROUND OF THE INVENTION 

1. Technical Field 
The present invention relates generally to bus use or JTAG 

(Joint Test Action Group) bus use, and particularly to identi 
fying the location of faults on a bus. 

2. Description of Related Art 
Boundary-scan testing Was developed in the mid 1980’s to 

solve physical access problems on printed circuit boards and 
integrated circuits. Boundary scan, implemented as the JTAG 
(Joint Test Action Group) interface, embeds test circuitry at 
the chip level to form a test protocol. 
A JTAG bus is a serial bus With four signals: Test Clock 

(TCK), Test Mode Select (TMS), Test Data Input (TDI), and 
Test Data Output (TDO). The bus is used for many purposes, 
including as a test bus for the ‘Boundary-Scan’ of ICs (inte 
grated circuits), as in Design-For-Testability (DFT). To use 
JTAG, during the design, JTAG compatible devices must be 
selected. ICs supporting JTAG Will have the four additional 
pins listed above. Devices reside on the bus in a daisy chain, 
With TDO of one device feeding TDI of the next device. 

FIG. 1 shoWs a block diagram of a typical system With 
devices (e.g., integrated circuits or chips) that include JTAG 
compatible devices 104-112 on JTAG bus 114. Microcontrol 
ler 102 controls the circuitry for the J TAG bus 114, and can be 
implemented on board one or more of devices 104-112. Com 
mands are sent to devices 104-112 through the system 100 by 
shifting bits through the system on the JTAG bus 114 until the 
proper command is positioned at the target device (e. g., 112). 
The controller 102 then causes the devices to latch the data 
that is positioned before them, using the current bit pattern as 
a command. In this Way, devices on the J TAG bus are issued 
commands Without addressing them. 
Some conditions that arise create problems on the single 

chain that are dif?cult to analyZe. For example, a device on the 
bus can malfunction and pull one or more of the clock signals 
(TCK, TMS, TDI, or TDO) loW. The bus conductors itself can 
also be faulty, such as When one or more of the bus conductors 
becomes shorted to a loW impedance source such as ground, 
or When a break occurs in the bus conductors betWeen chips. 
It Would be advantageous to improve current systems for 
identifying and isolating faults in such cases in an ef?cient 
manner. 

SUMMARY OF THE INVENTION 

The present invention provides an improved system and 
method for controlling devices on a bus, preferably a JTAG 
bus. In a ?rst example embodiment, devices arranged on a 
J TAG bus are accessed through a cross point sWitch that itself 
is addressed by commands on the JTAG bus. In other Words, 
no separate bus is necessary to address and command the 
cross point sWitch, as the sWitching device Watches the bus 
and responds to commands issued to it on that bus. In pre 
ferred embodiments, the sWitch is capable of being turned on 
and off independent of other devices on the bus, and can be 
used to exclude or include any devices on the bus. The order 
of devices on the JTAG chain can also be rearranged by the 
sWitch. These and other features are described more fully 
beloW. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features believed characteristic of the invention 
are set forth in the appended claims. The invention itself, 
hoWever, as Well as a preferred mode of use, further objectives 
and advantages thereof, Will best be understood by reference 
to the folloWing detailed description of an illustrative 
embodiment When read in conjunction With the accompany 
ing draWings, Wherein: 

FIG. 1 shoWs a block diagram of a typical JTAG bus With 
devices arranged in a chain. 

FIG. 2 shoWs a preferred embodiment of the present inven 
tion. 

FIG. 3 shoWs another preferred embodiment of the present 
invention. 

FIG. 4 shoWs another preferred embodiment of the present 
invention. 

FIG. 5 shoWs another preferred embodiment of the present 
invention. 

FIG. 6 shoWs a block diagram of the present invention 
including cross point sWitch. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The present invention is described With reference to the 
draWings. FIG. 2 shoWs the innovative system 200 including 
cross point sWitch 202. Devices 204, 206, 208 are connected 
to sWitch 202 such that by connecting particular ones of cross 
points of sWitch 202, any of devices 204-208 may be con 
nected to the J TAG bus. I TAG input 210 and output 212 form 
the entry and exit points for J TAG bus. Commands from the 
host system are received at input 210, and output from JTAG 
system 200 is output at J TAG out 212. 

SWitch 202 is commanded via the JTAG bus Which it 
sWitches. Hence, no separate bus or addressing mode is 
required in order to con?gure JTAG system 200 using sWitch 
202. 
Commands issued to sWitch 202 cause sWitch 202 to form 

connections at particular points, Which alloWs sWitch 202 to 
arrange all devices on the J TAG bus in any order. Individual 
devices may be excluded entirely from the chain in this man 
ner. Each individual sWitch of sWitch 202 can be turned on or 
off independent of the other sWitches and independent of 
other devices on the bus. By arranging the individual sWitch 
states, the devices 204-208 can be put into any order on the 
bus. 

In an example implementation, the operation of the inno 
vative system With cross point sWitch is described. With ref 
erence again to FIG. 2, at poWer up, the cross point sWitch 202 
comes up With all the devices 204-208 disconnected. The bus 
driver (e.g., controller 102 from FIG. 1) gives a command to 
connect devices 1-3 (204-208), Which establishes connec 
tions as depicted and connects these devices 204-208 to the 
J TAG bus in the order 1-2-3. When a fault occurs in the 
system, e.g., devices 204 and 208 fail, the system gives a 
command to reset all connections, thus removing all devices 
from the bus. FIG. 3 shoWs such a con?guration. Note the 
connections 302, 304 form a circuit that shorts the JTAG input 
310 and output 312. 

FIG. 4 shoWs another example con?guration. The system 
then gives a command to reconnect all non-fault devices, and 
device 406 is reconnected to the bus. Thus, the bus driver only 
sees device 406 on the JTAG bus. This decreases timing for 
any future commands as devices 404, 408 are no longer 
connected, Which also decreases the command siZe. 

FIG. 5 shoWs yet another con?guration, Wherein the order 
of the devices is rearranged. This alloWs a user to specify the 
order in Which the devices are seen by the controlling device. 
In this example, device 506 has been disconnected from the 
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bus, While devices 504, 508 are connected. It is noted that 
device 508 is seen ?rst in the chain, While device 504 is seen 
second. This order is reversed from previous con?gurations. 

FIG. 6 shoWs a block diagram of another embodiment of 
the present invention. The chain of devices (i.e., the complete 
ring of devices) are all connected to, or capable of being 
connected to, the bus. In this example, microcontroller 602 
receives commands for devices 604-612 on the JTAG chain 
600 and issues those signals on the JTAG bus. SWitch 604 is 
one of the devices on JTAG chain 600 and Watches the bus and 
responds to JTAG bus commands issued to it. Other devices 
606-612 are con?gured on the bus according to the sWitch 
604. For example, as described above With respect to FIGS. 
2-5, sWitch 604 can omit or add devices 606-612 to the bus, as 
Well as rearrange the order of these devices on the bus. 

Though the present invention has been described With ref 
erence to a JTAG bus, Which is part of a preferred embodi 
ment of the present invention, the current innovations are not 
limited to J TAG bus implementations. 

It is important to note that While the present invention has 
been described in the context of a fully functioning data 
processing system, those of ordinary skill in the art Will 
appreciate that the processes of the present invention are 
capable of being distributed in the form of a computer read 
able medium of instructions and a variety of forms and that 
the present invention applies equally regardless of the par 
ticular type of signal bearing media actually used to carry out 
the distribution. Examples of computer readable media 
include recordable-type media, such as a ?oppy disk, a hard 
disk drive, a RAM, CD-ROMs, DVD-ROMs, and transmis 
sion-type media, such as digital and analog communications 
links, Wired or Wireless communications links using trans 
mission forms, such as, for example, radio frequency and 
light Wave transmissions. The computer readable media may 
take the form of coded formats that are decoded for actual use 
in a particular data processing system. 

The description of the present invention has been presented 
for purposes of illustration and description, and is not 
intended to be exhaustive or limited to the invention in the 
form disclosed. Many modi?cations and variations Will be 
apparent to those of ordinary skill in the art. The embodiment 
Was chosen and described in order to best explain the prin 
ciples of the invention, the practical application, and to enable 
others of ordinary skill in the art to understand the invention 
for various embodiments With various modi?cations as are 
suited to the particular use contemplated. 

What is claimed is: 
1. A computer system, comprising: 
a Joint Test Action Group bus having a plurality of devices 

connected thereto; 
a cross point sWitch that is connected to the Joint Test 

Action Group (J TAG) bus, Wherein the cross point 
sWitch is poWered up, Wherein the cross point sWitch 
responds to commands issued on the J TAG bus, Wherein 
the cross point sWitch is con?gured by a command that 
is issued on the J TAG bus, Wherein the cross point sWitch 
includes a J TAG input and a J TAG output, Wherein the 
cross point sWitch omits all of the plurality of devices 
from the J TAG bus When the cross point sWitch is poW 
ered up, Wherein the cross point sWitch connects all of 
the plurality of devices to the JTAG bus in response to a 
?rst command, Wherein the cross point sWitch omits all 
of the plurality of devices from the J TAG bus in response 
to a second command, and Wherein the cross point 
sWitch shorts the JTAG input and the JTAG output in 
response to all of the plurality of devices being omitted; 
and 
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4 
a bus controller that is connected to the J TAG bus, Wherein 

the bus controller issues the ?rst command to the cross 
point sWitch to connect all of the plurality of devices to 
the JTAG bus in response to the cross point sWitch being 
poWered up, and Wherein the bus controller issues the 
second command to reset all connections to omit all of 
the plurality of devices from the J TAG bus in response to 
a fault occurring in one of the plurality of devices. 

2. The system of claim 1, Wherein the bus controller issues 
a third J TAG signal to the cross point sWitch in response to a 
fault occurring in a third device of the plurality of devices on 
the bus, and Wherein the third signal con?gures the sWitch 
such that the third device is excluded from the bus. 

3. The system of claim 1, Wherein the JTAG bus forms a 
ring. 

4. The system of claim 1, Wherein the cross point sWitch 
rearranges the order of the plurality of devices on the JTAG 
bus. 

5. A computer recordable-type computer readable medium 
on Which is stored a computer program product for control 
ling a Joint Test Action Group bus, the computer recordable 
type medium comprising: 

?rst instructions for poWering up a cross point sWitch that 
is connected to the JTAG bus, Wherein the cross point 
sWitch responds to commands issued on the J TAG bus, 
Wherein the cross point sWitch is con?gured by a com 
mand that is issued on the JTAG but, Wherein the cross 
point sWitch includes a J TAG input and a JTAG output, 
and Wherein a plurality of devices are connected to the 
JTAG bus; 

second instructions for omitting, by the cross point sWitch, 
all of the plurality of devices from the JTAG bus When 
the cross point sWitch is poWered up; 

responsive to the cross point sWitch being poWered up, 
third instructions for issuing, by a bus controller that is 
connected to the J TAG bus, a ?rst command to the cross 
point sWitch to connect all of the plurality of devices to 
the JTAG bus; 

fourth instructions for connecting, by the cross point 
sWitch, all of the plurality of devices to the JTAG bus in 
response to the ?rst command; 

responsive to a fault occurring in one of said plurality of 
devices, ?fth instructions for issuing a second command 
to reset all connections to omit all of the plurality of 
devices from said J TAG bus; 

sixth instructions for omitting, by the cross point sWitch, all 
of the plurality of devices from the J TAG bus in response 
to said second command; and 

seventh instructions for shorting the J TAG input and the 
JTAG output in response to all of the plurality of devise 
being omitted. 

6. The computer recordable-type computer readable 
medium of claim 5, further comprising: 

responsive to a fault occurring in a third device of the 
plurality of devices on the bus, eighth instructions for 
issuing a third JTAG signal to the cross point sWitch, 
Wherein the third signal con?gures the sWitch such that 
the third device is excluded from the bus. 

7. The computer recordable-type computer readable 
medium of claim 5, Wherein the J TAG bus forms a ring. 

8. The computer recordable-type computer readable 
medium of claim 5, further comprising: 

ninth instructions for rearranging, by the cross point 
sWitch, the order of the plurality of devices on the JTAG 
bus. 


